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A radiation evaluation was performed on A1280A (Field Programmable Gate Array) to determine the total dose
tolerance of these parts. A brief summary of the test results is provided below. Fer detailed information, refer to
Tahles I through IV and Figure 1.

The tota] dose testing was petformed using a Co® gamma ray source. Luring the radialion iesting, three parts from
Group 1 (8/N 6, 7 and 8) and four parts from Group 2 (S/N 2, 3, 4 and 5} were irradialed under bias (see Figure 1
for bias cnnﬁguratmn] One part in each group was used as 2 control sample, The 10tal duse radiation levels were
3,4, 8, 6 and 7 krads'. The dose rate was 0,059 krads/hour (see Table [ for radiation schedule). After each
radmnnn exposure, and annealing step, parts were electrically tested according to U {esl conditions and the
specification limits'" listed in Table Il The electrical measurements included three lunctional tests at 1.0 MHz: one
with Vee = 4.5V, Vil = 0.0 V and Vih = 4.5 V, one with Vec - 5,0 ¥V, Vil = 0.0 V and Vih = 5.0 V, and one with
Veem355V, Vil=00Vand Vih=53 V.

All parts in both groups passed all electrical parametric and functional rests initially (before irradiation). After the
3,4 and 5 krad irradialivn, significant increases were seen in both [CCL and ICCH, although all irradiated parts
continued to remain within specification limits (see Figs. 2-5 for ICCL and ICCH vs. total dose and annealing).
Values for other elecirical parameters in all irradiated parts temained approximately constant throughout ali
subsequenl irradiation and annealing steps and all itradisted parts passed all functional tests throwghout all
irradialion and anmealing steps.

After the 6 krad imadiation, S/N 7 (Group 1) excecded the maximum specification limits of 20.00 mA for both
ICCL and TCCH, with readings of 21.44 and 20.90 mA, respectively, and all four imadiated parts in Group 2
exceeded the maximum speeification limits for ICCL and ICCII, with readings ranging from 28.05 to 31.36 InA [or
ICCL and from 2722 to 3026 mA for ICCII Al other irradiated parts continued to pass all functional and
parametric tests, although increasing degradation was observed in both ICCL and ICCH in these parts (Sew tigures
2-5).

" The term rads, as used in this document, means rads(silicon). All consceutive annealing times at the same
temperature witd all radiation levels cited are cumulative.

These are manufaclurer's pre-irradiation data specifi cannn limirs, No post-irradiation limits were provided by the
manufaclurer at the lime these tests were performed.
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After the 7 krad irradiation, alt irradiated parts in both groups exceeded the maximum specification limits for 1CCL
and ICCH, with readings ranging from 23.65 to 32.45 mA in Group | and from 40.44 to 50.07 mA in Group 2,

Afier unnealing for 72 hours at 25°C, all irradiated parts showed some rceavery in ICCL and 1CCH. One part ($/N
¢, Group 1) recovered Lo within specification limits for ICCT and ICCH.  All irradiazed parts in Group 2 continued
to exceed specificalion limils for ICCL and ICCH.

During annealing from 96 lo 240 hours at 25°C, all irradiated parts continued to show increasing reeovery in IOCL
and ICCH.

Aller fnal anoealing (648 hours) at 23°C, all irradiated parts in Group 1 had recovered at least marginally to within
specification limits for ICCL and 1CCH, while in Group 2, 5/N 3 had rceovered to within specification limits for
ICCH and 3/N 3 had recovered to within specification limits for hoth ICCLL and 1CCH.

Figures 2-53 provide graphs ol the values of ICCL and ICCH for hoth groups throughout all irradiation and
annealing steps.

‘Tables lva {Group 1) and Ivb (Group 2) provide a summary of the functional test results and the mean and standard
deviation values lor each parameter after each irradiation exposure and anncaling step.

Any furlher details about this evaluation can be obtained upon request. If you have any questions, please call me at
(301) 731-8954.

ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has been developed solely for the
purpose of providing general guidance to cmployces of the Goddard Space
Flight Center (GSFC). This document may be distributed outside (3SFC only as
a courtesy to other government agencica and contractors. Any distribution of
this document, or application or use of the information contained herein, is
expressly conditional upon, and is subject to, the following understandings and
limitations:

{(a) The information was developed for general guidance only and is subject to
change at any time; '

(b} The information was developed under unique GSFC laboralery conditions
which may differ substantially from outside conditions;

{c) GSFC does not watrant the accuracy of the information when applied or
used under other than unique GSFC laboratory conditions;

{d) The information shouid not be construed as a represenlulion of product
performance by either GSEFC or the manufacturer;

{e) Neither the United States poverninént nor any person geling on behalf of the
United States povernment assuines any liability resulting from the application or
use of the information,
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Figure 1. Radiation Bias Circuit for A1280A

Signal Location|Burn-In Roard NOTES:
PRA co vCc 1. VCC = 5.0V, +/- 0.5 V
PEB D7 VCC
MODE C3 GND 2. VCC/2 = 2.5 V +/- D.28 V¥
SDI Bl4 VCC
SDO P13 vCC 3. All oulpuls bthrough 2.2
DCLK B3 GND kohm +/- 10% 1/4 W
ILINO J15 vCe resistors to VCC/2
ILIN1 L1 GND
ILINZ Bé vCC 1. Inputs connecbted to VCC
ILIN3 Hl GND through 2.2 kchm resistor
ILIN4 R& VCC
ILINS K3 GND 5. Inputs connected to GND do
ILINe M14 VCC not require resisbtors
ILIN7Y B2 GND
ILINS M1 vCC
ILIN® F15 GHND
ILINLO cl VCC
ILIN11 J3 GHND
ILIN1z H15 VCC
ILIN13 N2 GND
ILIN14 Pg VCC
ILIN1S Ni4 GND
ILIN1G C4 vCC
ILIN17Y M13 GND
ILIN18 N1k pele
ILIN1¢9 G3 GND
ILOUTO L15 vCC/2
ILOUTL K3 vee/2
ILOUT2 A6 VCC/2
ILOUTI J1 voo/2
ILOUT4 P7 voo/2
ILOUTS P3 voco/2
ILOUTE Fl4 voo/2
ILOUT? D1 voC/2
ILOUTS N1 vee/2
ILOUTS Gl4 vCoe/2
ILOUT1O0 D3 vCCo/2
ILOUT11 K1 VCC/2
ILCUT12 G13 VCC/2
ILOUTL3 Pl vCoC/2
ILOUT14 R10 vVioC/2
ILOUTLS L1z VCC/2
ILOUTLG A3 VeC/2
ILOUTL7 P15 voo/z
ILOUT1S R15 VQo/2
ILOUT19 G2 vCC/2

VCC: F4, H3, J4, M3, N3, M11, H13, G12, D11, D8, D5, J14, H2, H14 (NQ RESISTOR)
GND: D4, B4, G4, H4, K4, L4, !;![-I-, M6, M3, M10, M12, X12, J12, H]12, F12, E13, D12, D10, C§, D6, J13



UAREFORTS292.DOC

Table V. Radiation Bias Circuit for 12304 (cont.)

Signal Location{Burn-In Board NOTES:
OLINO B4 voo 1. VOO = 5.0 ¥V, +/- 0.5 V
OLIN1 K15 GND
OLINZ c7 vec 2. WCC/2 = 2.8 V +/- 0.28 ¥
OLIN3 E14 GND
OLIN4 Cl0 Vo 3. A1l outputs through 2.2
CLINE Cl1 GNI kohm +/- 10% 1/4 W
OLIN6& M9 v C resistors to VCC/2
OLIN7Y AlD GND
CLINS All VCC 4. Tnputs connected to VCC
CLINS D2 GND through 2.2 kohm resistor
QLINL1O Ll4 VCC
OLIN11 g GND 5. Inputs connected to GND do
QLIN12 N1l vCC not require resistors
OLIN13 M3 GND
OLIN14 CE Voo
OLIN1S | F3 GND
OLIN1é Clz VCC
OLIN17 Pa GND
OLIN1E E3 VG
OLIN1S P11 GND
QLOUTO hd Voo/2
OLCUT1 Gl5 VCC/2
OLOUT2 B7 voo/z
OLOUTS EZ2 Voo/2
QLOUT4 Bl1z vCC/2
QLOUTS Al2 VOC/2
QLOUTE Ng Vo2
QLOUT Y ng VoC/2
QLOUTE B1O voo/2
OLOUTS Al VCC/2
OLOUTLD 113 VCC/2
OLOUT11 R7 vCoo/z
OLOUT1Z2 R1Z2 ooz
OLOUT13 M2z OO/ 2
OLOUT14 BS vao/2
OLOUTLS F2 VCC/2
QLOUT1E Bl12 vee/2
QLOUT17 R5 voo/2
CLOUT1R Bl voo/2
OLOUT1S R11 Voo/2
IOGATE B8O GND
SERIALIN A7 Voo
SERIALOUT |Fi VCC/2
INX1 R2 VCC
INKZ NS VO
IN1A Mlh GND

VCC: F4, H3, J4, M3, N8, M11, H13, G132, D11, D8, D5, J14, H2, H14 {KO RESISTOR)
GND: D4, B4, G4, Hd, K4, L4, Md, M6, M8, M10, M12, K12, J12, H12, F12, E12, D12, D10, CR, D6, J13
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Table V. Radiation Bias Circuit for 12804 (conl.)

Signal Location|Burn-In Beard NOTES:
IN2A K14 3ND 1. VCC = 5.0 V, +/- 0.5 V
IN AND3 P12 Liale
IN ANDA P13 GIND 2, VOC/f2 = 2.5 V +/- 0.25 ¥V
IN OR3 N& vee
IN OR4 N1d GND 3. All outputs through 2.2
IN NAND4 M7 VCC kohm +/- 10% 1/4 W
IN NOR4 N13 (3ND resistors to VCC/2
DA 1.3 Voo
RESET p2 GND 4. Inputs connected to VCC
ENCNTE C13 Voo through 2.2 kohm resistor
CNTRLD E13 GND
RESETCENTR (D14 GND 5. Inputs connected to GND do
CLOCK Ag GND not require resistors
QUTX1 N3 vee/2
QUTX2 R4 voo/2
QUTA K13 Voo /2
C_AND3 R13 vee/2
0 AND4 N12 vee /2
O OR3 PS5 . vee/2
O _OR4 P10 voc/2
O NAND4 N7 vee/z
O NOR4 R14 vee/z
QAD L2 vee/z
QAL K2 vee/2
YOll B13 vee/2
YO10 F14 vee/2
Y09 Al13 vee/ 2
YO8 AlS VoC/2
Y07 D15 vce/2
YO& Rl4 vee/z
YO8 D13 vCC/2
YO4d Cl4 veg/2
YO2 E15 voC/2
YO2 Bl5 voo/2
YO1 Cl5 voC/z
YOO F13 VCC/2

VCC: P4, H3, J4, M5, N8, M11, K13, G12, D11, D8, DG, J14, H2, H14 (NO RESISTOR}
GD: D4, B4, G4, H4, K4, 14, M4, M6, M&, M10, M12, K12, J12, H13, F12, E12, D12, D13, C8, DG, J13



CHREPORTS292.DOC

TABLE L. Part Information {Group 1)
Generic Part Mumber; AlZBOA*

Project Part Mumber  A1280ACQILT72C {5962-92 15601 MY A)
{IIST/TLLX/AISRISSR)

Control Number: 14642 (FIST/FLEX/IISR-S5R)
Charge Number:  CES61884, CES51885 {1 IST/TLEX/ISR-S5R)
Manufacturer:  Actel
Lot Date Code (L) 9607
Quantity Tested: 4
Serial Number of Control Samples: 1
Scrial Numbers of Radiation Samples: 6, ? B
Part Function: T'ield Programmable Gate Amray
Part Technology:  CMOS
Package Style: 172-pin Quad Flatpack
Test Lquipment: 550

Engineer: A, Duvalsaint

* No radiation tnlerance/hardness was guaranteed by the manufacturer for this part.
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TABLE I. Parl Informalion {Group 2)

Generic Part Mumber,

Project Part Mumber

Control Number:

Charge Mumber:

Manufacturer:

Lot Date Code {LDCY:

Quantity Tested:

Serial Mumber of Control Samples:
Serial Wumbers of Radiation Samples:
Part Function:

Part Technology:

Package Style;

Test Couipment:

Engineer:

A1ZBDAY

ALZBGACQI72B {5962-9215001MYC) (HST/SER)

14642A (HST/SSR)
EEG 190G (HS'1/55R)
Actel

9341

5

1

2,3,4,5

Field Programmables Gate Array
CMOS

172.pin Quad Flatpack
3-50

A, Duvalsaint

* No radiation tolerance/hurdness was guaranieed hy the mannfacturer for this part,
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TABLE I1. Radiation Schedule for A1280A (Groups 1 and 2}

1) TNTTTAT. ELECTRIC AT MEASTREMEN TS e oeeeeeer et s t155 51 seeeeeee e e e 0404795
2) 3 KRAD [RRADIATION (0.05 KRADS/HOUR) oo oo oo 0405196
POST-3 KRAL ELECTRICAL MEASURBMENT ..._.o..ooooooooooeeoooooooooooooooooo 04/08/96
3) 4 KRAD IRRADIATION (6.06 KRADISTIOURD c.eoveveeoveeeeesssaeseesssesssssoeessresssses sttt s5tmss meeeeess oo eeees oo 04/08/96
POST-4 KRAD ELECTRICAL MEASUREMENT coooovueeeeecemvvvssomssosesssomsmmeoeees oo oeoeeeeesoseseoeemesm oo 64/09/96
4) 5§ KRAD IRRADIATION (0.U6 KRADS/HOUR) oor 0409/96
POST-5 KRAD ELECTRICAL MEASUREMENT. ... e eeeeen e eeeee st 04/10/96
5) 6 KRAD [RRADIATION (0.08 KRADS/HOURY _.oooooooooooeoooe oo sosstssoee e eeeeoeeoseseeesee 04/10/95
POST-6 KRAD ELECTRICAL MEASUREMENT.....rovvoosoos s oooevcoeeoeossoeeescosersssoonssoesssssssoes oo 04/11/96
&) T KRAD IRRADIATION {0.00 KEADS/HOUR) ..o ettt e e e e v rraeanmrrrron 0471 196
POSTT KRAD ELECTRICAL MEASUREMENT ..o e eteete et e 04/12/96
7) 72-HOUR ANNEALING @25°C ...oooeeooooe oo e eeoeeeeeeeeeeees oo eee oo pess s e oeesteeeees oo 03/12/96
FOS1-72 HOUR ANNEAL ELFCTRICAL MEASUREMENT covv oo oo oo oo o 04/15/96
8) 96-HOUR ANNEALING @25°C .........oooommmuesmssssseneemssenes soessssssssssssssssssssseessessssesseessseeeeeesseseeeeme eeeeeoooee oo 04/15/96
POST-96-HOUR ANNEAL ELECTRICAL MEASUREMENT.......c...oocioocoe cosronsererser oo 016196
9) 144-HOUR ANNEALING @25°C ..o eeeeoeeoeeeeeoeoeee oo oo oo oo oo eeeeee oo eseeee e eee oo 04/16/96
POST-144-HOUR ANNEAL ELECTRICAL MEASUREMENT .....coooooooeoooorer i ooomsses oo 04/19/96
10) 240-HOTIR ANNEALING (FI25%C ... coovsssssesmssaconeeeeeseeeessssmsssessssseeesssoes seessesseeeesessseesmssseeeeeseeeeesoo 04119796

POST-216-HOUR ANNEAL ELECTRICAL MEASUREMENT ....ooveeooeeeeeeeeeeee oo een e 04422106

11) 648-HOUR ANNEALING @25°C o...vveveesieeieeeeaaece oo v e 04/22/9¢0
POST-048-HOUR ANNEAL ELECTRICAT, MEASUREMENT 05/09/96

PARTS WERE [RRADIATED AN ANNEALED UNDER BIAS; SCE FIGURE 1.
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Table {Il. Elecirical Characteristies of A 1280A

______________ _-____Z_____fymwaa_zéérs_zsééﬁRnEE'ZIIZZ--ZZIZI-'""""'S
PARAMETER VCC  VIL  VIH CONDITIONS PINS LIMITS AT +25C ONLY \
EEESEZE o === === === FEEBRREREOSD == —_———— ===zn:======::=::::::==
FUNCT 1 4.3V 0.0V 4.5Y FREQ 0 ALL 170  VOL<Z2.25V » VOH> VoA
FUNCT siov g.ov 3.0y fFREQ -1 883 ALL 170 ver<i-§3y ¢ VSH3E:33¥ o
_FUNCT 3 5.5V 0.0V 215y FREQ=1.000MHI ALL I/0  VOL<Z 75V , VOM>2.75V t
_____________________ DE_PARAMETRIC TESTS PERFORMED __ e

PARAMETER VCC VIL VIH  CONDITIONS PINS LIMITS & -55C,+25C-,+125¢
1 === Ry ] EEF - === -5 F 15 1 ; ¥ T F I F T 3 5 FTruee
VOH1 445V 0,00V 4,50V LOAD==4.0MA QUTS +3,70V » <+&.50V
VoL 423V 0,00V £.50V LOAD=+&.0MA oUTS >+0.0V  , €+0.40Y
I1H (v 323V D.00V S.5V¢ VIN a 5.5v INS >-1DUA s €H10UA
TIL 5.5 0.00v 5,5v VIN = 0.0V INS >-100a -, <+1DUA
103N 5.5V 0.GV 5.5V VOUT= GND vee >=100MA » <+100MA
ICCH 5.5Y 0.0V 5.5V. VOUT= 5.5V. vee S+, 0UA » <+25MA.
ICCL 5.5V 8.av 5.5v  voUuT= 3.33 VEL >+g.3un v <t35HA

; AC_PARAMETRIC TeSTS PERFORMED e
PARAMETER vee  vIL  VIH CONDITIONS PINS LINITS a —:sc,+25c,+125c
mEEE=E-o == === m=rEmrs C=m== T ImEEESNE BaS S e L -t L ]
TELH 4.5Y D.00V 3.00V VTEST=2.0V QuUTS >+0.0N5 , <+100NS
TPHL 4.5v 0.00v 3.00V VTEST=Z2.0V ouTS >+0.QN§ » <+100NS

A gt it T ™ b e o i et e ot gt ot et b b
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Table IVa: Total Dose Exposures and Annealing for A1280ACQ172C (5962-9215601MYA) (Group 1) /1

Imitinl Total Drose Exposure (keads) Amnealing
Test 2 Spec. LimJ} 25°C 4 5 & 7 72 hrs (A) 25°C | 96 hrs (@ 25°C | 144 brs @ 25°C|240 krs (@ 25°C |648 hrs @ 25°C
# Parameters Unils min max | mean  =d st | mesn  sd | meam  sd mean i mein sd rmeam sd | mean  sd =d mean s mean  sd
1 FUNCI vOCorsV. VIL~EY, VIH={5Y. IMFT; |- : : K 3 P __:-='P . i B .Pm - -
1 |FUNGH wCD=30V, YIL=04Y, ¥ [B-50V. IMEz e T s
3 |FLNES, YOO8 4Y, YIL-00V, VIH=S 5. IMHz
4 |VOHI ¥| A7 4.4 .0 A1 5.8 L H L a1 1]
S VALl mY 0 400 56 4.7 4.5 4.6 a2 LF-] 4.1
i 6 |l wa| a0 | 10 ) ] 8 o | o | o 0
7 [LIL wA| -10 1Q 1] 1) ] 1} 1] ] 1
3 [1osN mA| -100 | -10 T3 59 67 57 68 | 31167 .60 45
3 |reeL mA| @ 20 L5 2.7 37 36 | 186l 37 33
10 [1CCH mA| 0 20 L5 28 34 35 35 | 17| 3o 36
1L [TPLY ns| o | 100 2y 29 3.5 35 22 [ 3355] 42 33
12 |[TRHL ns' 0 140 4.1 4,1 41 4.1 44 | 3835 a4 3.6
Motos:

I The ;e and sfandard deviation values wers calculated over the theee pans imradiated in tis testing, Tha control sample remained constant tirawpheut the testing and iz notL includad in this wble.

27 M thz functional tests, “P* means that all parts passed this test at his i=adiation or anncaling level, "F* mezns that ' parts failed this fest 22 this irradistion or annenfivg ieve] and "nPmE” means thal o pans passed at t1is Iovel
and m parts failed at this levsl.
3" These are mang factires pre-iradiation data sheet speeification limrts. No post-irradiation limits were provided by the manufactorer at the ting the tests were performed.

10
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Table IVb: Total Dose Exposures and Annealing for A1280ACQ172B (5962-9215601MYC) (Group 2) /1

Initial Total Nose Exposure {keads) Annealing

Test 22 Spec. Lim./3 250¢ 3 P 5 : 6 7 T2 hrs @& 25°C | 96 hrs @ 25°C 144 hes @ 25°C 240 hrs @ 25°C 648 hrs @ 25°C
A Parsweters Uniis min  max = : sd sd mean scl - mean ] mean sd menn =d mefn ad mead sd mean wl mean wl
I [FUNCL YECI 8, VILALW, VALY, | MH: e L i R ' P s !
2 |FuNca YooY, VIL=0, VOIS, 1M |

3 |FUNCHL YOS, VIL-LAY, VIHSSY, 1Mk |-

4 |YOH! ¥l AT 4.5 .0l 01 ) a1 9.9 .0l

5 |voLi mv| o | 4w 47 | 1327] a0 [iaEs | 43 4.9 140 | 21

¢ |lun ua| -0 i 0 9 0

7 |IIL ud| -0 1] 1 0

§ [IOSN mA| -100 56 Se

9 KCCL ma a A5 4.8

10 |ICCH mA| 0 53 ]2 : ; 4.4

ulren w0 ss | as99] 56 |aeas| 5 [ww] a7 [nne 3530 59

12 'TPHL nsl 0 a8 [:dga7] 48 [a6e2 MERY 360 3ras|_se

Motes:

1Y Th= mean and standard deviation values were calculated aver the four parts imadiaced in thus testing. The control sarepls emained constant throughout the testing and is not included in this sable,

20 inthe functiona! tests, "P*' means that all parts passed this t2st 2 this imzdiaticn or anncaling level, "F" megas that atl parts failed <his lest at this irradiation o7 amnezling lavel and "nPmF” riears that n parts passed £1 this Jevs]
and m pans falled at this Tevel,

¥ These are munufaciucer's pre-iteadisticn dete sheet ssecifisation Limits. Na post-inadiztion lmits wese provided 2y the manuFaghurer at t3¢ time (e tests were perftimed,

i1
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Figure 2. [CCL (mA) A1280A 5962-9215601MYA (Group 1)
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Figura 3. ICCH {mA) A1280A 5962-5215601MYA (Group 1)
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Figure 4. ICCL (mA) A128DA 5962-9215601MYC {Group 2)
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Figure 5. ICCH (mA) A1280A 5962-9215601MYC (Group 2)
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